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The antikaon potential in nuclear matter at finite momentum∗
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We study the antikaon potential at finite momentum for proton and neutron nuclear matter. Our approach is
based on the momentum dependence of the real part of the total K−N scattering amplitude, which is fixed in
free space by experimental data, using the dispersion relation approach. We decompose the contributions to the
scattering amplitude from different processes and consider the Λ(1405) and Σ(1385) to be dissolved in nuclear
matter at density ρ0. Within this approach the K
− potential is found to be attractive up to high kaon momenta.
Our result is in line with the data on the antikaon potential evaluated from the analysis of kaonic atoms (low
momenta), heavy-ion (interdmediate momenta) and proton-nucleus (high momenta) collisions.
The antikaon potential in nuclear matter at
finite relative momentum at present is a ques-
tion of vivid interest, which is partly discussed
in a controversal manner. The analysis [1] of
data on kaonic atoms leads to an antikaon po-
tential of ≃–180 MeV at normal nuclear density
ρ0, while the studies [2] of K
−-meson production
from heavy-ion collisions [3] suggest an attractive
potential ≃–100÷120 MeV. We have proposed in
Ref. [4] to attribute this discrepancy to the mo-
mentum dependence of the antikaon potential,
since the kaonic atoms explore stopped antikaons
with pK≈0, while the heavy-ion experiments have
probed the range 300≤pK≤600 MeV/c. The eval-
uation of the momentum-dependent potential is
a rigorous problem and substantially depends on
the model applied. Here we discuss a dispersive
approach in which the uncertainties are under
theoretical and experimental control.
Within the low density theorem the real part
of the antikaon potential at baryon density ρB
is given in terms of the real forward K−-nucleon
scattering amplitude D as
U(ρB, EK) = −
2pi
mK
ρB D(EK), (1)
where EK is the kaon energy relative to the nu-
clear matter rest frame. It is important to note
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that D here is the total scattering amplitude in-
cluding all possible processes available at given
antikaon energy EK . It is obvious that with in-
creasing EK the number of open reaction chan-
nels becomes very large such that all channels
cannot be calculated separately anymore. The
contribution from the individual reaction chan-
nels then can be controlled only by the relative
saturation of the total cross section. In case of
the K−p interaction the Λ(1405) resonance dom-
inates at low energy, but apart of its specific role
there are contributions from other channels as in-
dicated by the data on the total cross section [5].
Thus models relying exclusively on the Λ(1405)
properties in the medium have to be taken with
great care.
An alternative way is to evaluate the total real
forward scattering amplitude D from the total
cross section directly, which is controlled by ex-
perimental data. The advantages of this method
are i) an absolute completeness of the scattering
amplitude D with respect to all available chan-
nels, and ii) an independence on the hyperon res-
onance properties in the medium at sufficiently
high density where the latter are ’melted’. In free
space the real part of the forward total scattering
amplitudeD can be evaluated from the dispersion
relation as [6]
2D(EK) = D(EK=0) + EK
2∑
j=1
Ij(EK)
+
Σ∑
Y=Λ
g2KNY
16pi m2N
EK [m
2
K − (mY −mN )
2]
EY (EK − EY )
(2)
where EΛ=64MeV, EΣ=155MeV while I1 stands
for the contribution from the unphysical domain
EK<mK :
I1=
1
pimN
mK∫
EΛpi
dωA(ω)
√
m2N +m
2
K + 2mNω
ω(ω − EK)
(3)
with EΛpi=239 MeV. A(ω) is the imaginary part
of the forward K−N scattering amplitude that
stems explicitly from the Λ(1405) and Σ(1385)
resonances. The contribution from the physical
region is given as
I2=
1
4pi2
∞∫
mK
dω
√
ω2 −m2K
ω
[
σ−(ω)
ω − EK
−
σ+(ω)
ω+EK
]
(4)
where σ− and σ+ denote the total K−N and
K+N cross sections, respectively, which are fixed
by experimental data [5].
The dispersion relation can be evaluated by fit-
ting D(0), gKNΛ and gKNΣ to the data on the
real K−N and K+N forward scattering ampli-
tudes while taking A(ω) from the M -matrix low
energy solution [7]. We note that the relation be-
tween the K−N and K+N scattering amplitudes
is given by crossing symmetry.
The solid line in Fig. 1 shows the ratio of the
real D(pK) to imaginary A(pK) part of the for-
ward scattering amplitudefrom [4] together with
the available K−p experimental results. To illus-
trate the sensitivity to the contribution from the
unphysical domain we also show (dashed line) the
result when neglecting I1 and varying only D(0).
In principle, the real part of the K−p scattering
amplitude is quite sensitive to A(ω), but in terms
of the available data (apart from the two lowest
energy points) it cannot be fixed uniquely.
Furthermore, it is obvious that the amplitude
D becomes negative for pK<100 MeV/c due to
the contribution (for EK<mK) from the Λ(1405)
Figure 1. The ratio of the real D to imaginary
part A of the forward K−p scattering amplitude
in comparison to the data from [8]. The lines
show the dispersion calculations: full (solid) and
without the contribution I1 from the unphysical
domain (dashed), but adjusted to data (dotted)
by D(EK=0).
resonance. Fig. 2 shows the contribution to the
total forward K−p scattering amplitude from the
pole term, the unphysical (I1) as well as from the
physical region (I2). Note that apart from the
Λ(1405) contribution and the boundary D(0)=–
2.73 fm the other contributions to the real for-
ward scattering amplitude are positive. Further-
more, the Λ(1405) resonance does not couple to
the K−n system and as shown in Fig. 3 the real
part of the K−-neutron scattering amplitude re-
mains positive, i.e. the K− potential in neutron
matter is attractive.
Now, it is by far not obvious that the for-
ward scattering amplitude in nuclear matter is
the same as in free space, but it is clear that all
terms contributing to D in the vacuum should be
also considered in calculations for nuclear mat-
3Figure 2. The contribution to the real forward
K−p scattering amplitude from different terms
in Eq. 2.
ter. The experimental result on kaonic atoms [1]
indicates that the K−N forward scattering am-
plitude is positive at pK≈0 already at the rather
low nuclear density which the antikaon experi-
ences before decay. This implies that the ampli-
tudeD is modified in matter already at rather low
densities, which was attributed in Ref. [9] to the
’melting’ of the Λ(1405) since this resonance gives
repulsion. In fact, dynamical calculations [10] on
the low energy K−p interaction in baryonic mat-
ter relevant to the in-medium modification of the
Λ(1405) resonance also indicate an attractive an-
tikaon potential at pK=0.
In order to gain some information on the mo-
mentum dependence of the K− potential we dis-
card the contribution from the unphysical region,
but keep the other terms as fixed by the disper-
sion relation in free space. In principle, it might
happen that the Λ(1405) is not fully dissolved
and might contribute to the total amplitude with
a negative component. However, as shown in
Fig. 1 and Fig. 2 the amplitude D will be pos-
itive above the resonance region pK>1.5 GeV. Of
cause, D may change sign going through a reso-
nance. Assuming this hypothesis for a moment,
one has to conclude that to saturate both the low
energy (kaonic atoms) and high energy limits the
amplitude D should change its sign at least twice.
However, our analysis as well as the data do not
indicate such a strong K− coupling to resonances
(as compared to the non-resonant contributions)
which could produce this double oscillation in mo-
mentum of the real forward scattering amplitude.
Figure 3. The real part of the forward K−n scat-
tering amplitude as a function of the antikaon
momentum pK .
Fig. 4 shows the antikaon potential for the
proton and neutron nuclear matter calculated at
ρB=0.16 fm
−3 and averaged over the Fermi distri-
bution with Fermi momentum pF≈ 260 GeV/c.
At pK=0 our result is in line with calculations
from different dynamical models [11]. With in-
creasing antikaon momentum the potential in-
creases but remains attractive. For neutron mat-
4ter it is smaller than for isospin symmetric matter
as obtained from averaging over isospin.
In summary, within the experimental uncer-
tainties our result is in agreement with the data
on kaonic atoms [1] as well as heavy-ion col-
lisions [2,3]. Furthermore, the FHS Collabo-
ration [12] recently reported data on K− pro-
duction from p+Be collisions where antikaons
with pK=1.28 GeV/c were detected as a func-
tion of the beam energy. The analysis of the
data indicates [12] an attractive K− potential of
≃ −74÷198 MeV for pK=1.28 GeV/c, which is
also compatible with our calculation, however, ex-
cludes a repulsive potential.
Figure 4. The antikaon potential at ρB=
0.16 fm−3 as a function of the K− momentum
calculated for proton and neutron nuclear mat-
ter.
As proposed in Ref. [4] the study of the an-
tikaon potential in proton-nucleus collisions has a
number of advantages. First, the K− production
process is well under control and restricted to a
few production channels. Note, that piΛ→K−X
and piΣ→K−X channels, which are important for
heavy-ion reactions, do not contribute in p+A
collisions. Second, the measurements can be per-
formed in a wide range of momenta pK relative
to the nuclear matter (which in case of p+A in-
teractions is the K− laboratory momentum). As
indicated the range pK<1.5 GeV/c is very cru-
cial to check if the amplitude D may change its
sign and eventually become negative. These ad-
vantages are favorable for the COSY/ANKE ex-
perimental project [13], which should provide fur-
ther detailed experimental information on the in-
medium properties of the K−-meson at nuclear
matter density.
The authors like to acknowledge stimulating
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